Introduction {#s1}
============

Anemia affects roughly one third of the world\'s population and it is a major and global public health problem. Children aged 0 to 5 years, women of childbearing age, and pregnant women are particularly at risk.^[@i2164-2591-7-4-16-b01],[@i2164-2591-7-4-16-b02]^ Iron deficiency is responsible for most of the cases; and also iron deficiency, nutritional megaloblastic anemia occurs commonly among undernourished societies of tropical and subtropical countries and incidence has dramatically increased over past decades.^[@i2164-2591-7-4-16-b03]^

Anemia is clinically defined as blood hemoglobin (Hb) or hematocrit concentration below the lower limit of the reference range applicable to a patient. Hb concentration \< 12 g/dL in females and \< 13 g/dL in males defines anemia.^[@i2164-2591-7-4-16-b04]^ The primary function of Hb is to transport oxygen from the lungs to the tissues. In anemic patients, hypoxia is generally seen, as the oxygen transport capacity of blood decreases. As a consequence of hypoxia, tissue functions are impaired; and hence, symptoms of anemia become visible in various systems of the body. Muscular, cardiovascular, and central nervous system symptoms are particularly significant.^[@i2164-2591-7-4-16-b05]^

Vitamin B12 deficiency is a common cause of megaloblastic anemia, various neuropsychiatric symptoms, and other clinical manifestations. Patients may have severe neurological disorders without significant hematological impairment. The basic neuropathic change in cobalamin deficiency is the demyelination seen in the cerebral cortex and in dorsal and lateral columns of the spinal cord. Since both, the sensorial and the motor systems are affected, the clinical presentation is also referred to as Subacute Combined Degeneration and Combined System Disease.^[@i2164-2591-7-4-16-b06]^

Iron plays an important role in myelin production, and optic nerve function is unfavorably affected by hypomyelination in the case of inadequate intake of iron.^[@i2164-2591-7-4-16-b07],[@i2164-2591-7-4-16-b08]^ The synthesis of neurotransmitter in the central nervous system is impaired in the presence of iron deficiency and results in cognitive dysfunctions.^[@i2164-2591-7-4-16-b09]^ Oligodendrocytes play an essential role in myelination and their functions are impaired in states of deficiency of iron. Iron influences myelin synthesis both ways, directly as a co-factor in cholesterol and fatty acid synthesis and indirectly as a component of oxidative metabolism of oligodendrocytes.^[@i2164-2591-7-4-16-b10]^

In recent studies, central corneal thickness (CCT) and choroidal thickness were found to be decreased in children with sickle cell anemia and iron deficiency anemia (IDA).^[@i2164-2591-7-4-16-b11],[@i2164-2591-7-4-16-b12]^ In the present study, the CCT, specular microscopic measurements, the thickness of retinal nerve fiber layer (RNFL), and the thickness of ganglion cell-inner plexiform layer (GC-IPL) were compared between the females with IDA, combined IDA and vitamin B12 anemia (B12DA), and healthy females.

Materials and Methods {#s2}
=====================

This prospective study included 105 patients. Patients presenting to the internal medicine and ophthalmology clinics were evaluated after obtaining approval from the Local Ethical Committee. The corneal examination was performed using a specular microscope (Topcon SP--1P, Japan), CCT was measured using ultrasound pachymeter (Quantel Medical Clermont-Fernand, France), and retinal examination was performed using Cirrus HD spectral-domain OCT (Carl Zeiss Meditec, Dublin, CA). Coefficient of variation (CV) is an objective measure of polymorphism that shows variability between cell areas. CV is the ratio of the standard deviation of cell areas in an endothelial region to the average cell area. Normal value should be \< 0.30 (30%) \[CV: (SD/AVE × 100)\].

Hb \< 12 g/dL and ferritin \< 15 ng/mL were considered IDA, whereas vitamin B12 \< 200 pg/mL was considered B12DA.^[@i2164-2591-7-4-16-b05]^ The right eye of 35 females with IDA was assigned to group 1, and the right eye of 35 females with combined IDA-B12DA was assigned to group 2. The right eye of 35 healthy females was assigned to group 3 (control group). Patients with any systemic disease other than iron deficiency or vitamin B12 deficiency, or patients receiving any ocular and systemic drug, and having a history of ocular disease (such as glaucoma, retinal pigment epithelium diseases, and neuro-ophthalmological pathology) or surgical ocular intervention were excluded from the study. In addition, specific and frequent causes for corneal thinning, increased mean keratometry values, and corneal dystrophy among others were also excluded from the study.

Sample Size Calculations {#s3}
========================

We planned our study of a continuous response variable from independent control and experimental subjects with one control(s) per experimental subject. In a previous study^[@i2164-2591-7-4-16-b12]^ the response within each subject group was normally distributed with standard deviation 39.77. If the true difference in the experimental and control means was 30.54, we needed to study at least 28 experimental subjects and 28 control subjects to be able to reject the null hypothesis that the population means of the experimental and control groups are equal with probability (power) 0.8. The type I error probability associated with this test of this null hypothesis was 0.05. Power and Sample Size Program Version 3.0 (13) was used to estimate sample size.

Statistical Analysis {#s4}
====================

The results were presented as mean ± standard deviation for parametric tests and as median, minimum, and maximum for nonparametric tests, where appropriate. The variables were investigated using analytical methods (Kolmogorov-Smirnov goodness of fit test) to determine whether or not they are normally distributed. When investigating the associations between nonnormally distributed continuous variables of three groups, Kruskal-Wallis test was used for the comparisons. Following a significant Kruskal-Wallis test, Dunn-Bonferroni post hoc method was performed. For associations between normally distributed continuous variables of three groups, one-way ANOVA test was used. When necessary, Tukey test was used for post hoc. A 5% type I error level was used to infer statistical significance. Statistical analysis was performed using the IBM SPSS software version 24.0 (IBM Corporation, Armonk, NY).

Results {#s5}
=======

Both the study groups and the control group consisted of female subjects. The mean age was 37.85 ± 11.06 years in group 1, 34.54 ± 7.44 years in group 2, and 33.48 ± 9.03 years in group 3 (*P* = 0.127). CCT was observed as median value of 534 μ (minimum, 477; maximum, 599) in group 1, 514 μ (minimum, 473; maximum, 610) in group 2, and 532 μ (minimum, 489; maximum, 598) in group 3 (*P* = 0.018) ([Table](#i2164-2591-7-4-16-t01){ref-type="table"}; [Fig. 1](#i2164-2591-7-4-16-f01){ref-type="fig"}).
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![The comparison of CCT levels according to the groups.](i2164-2591-7-4-16-f01){#i2164-2591-7-4-16-f01}

The corneal endothelial cell density (CD) was found to be higher in control group (2998 \[2040--3100\] cell/mm^2^) compared to the study groups (2939 \[1836--3421\] cell/mm^2^ in group 1 and 2669 \[2236--3406\] in group 2). There was no statistically significant difference between the groups (*P* = 0.53) ([Table](#i2164-2591-7-4-16-t01){ref-type="table"}; [Fig. 2](#i2164-2591-7-4-16-f02){ref-type="fig"}).

![The comparison of CD levels according to the groups.](i2164-2591-7-4-16-f02){#i2164-2591-7-4-16-f02}

The CV was observed 32% (23--42) in group 1, 31% (minimum, 26; maximum, 34) in group 2, and 28% (minimum, 24; maximum, 39) in group 3 (*P* = 0.0001; [Fig. 3](#i2164-2591-7-4-16-f03){ref-type="fig"}). Hexagonality (HEX) was observed 50% (20--75) in group 1, 54% (20--63) in group 2, and 59% (41--66) in group 3 (*P* = 0.014) ([Table](#i2164-2591-7-4-16-t01){ref-type="table"}; [Fig. 3](#i2164-2591-7-4-16-f03){ref-type="fig"}).

![The comparison of IRNFL and SRNFL levels according to the groups.](i2164-2591-7-4-16-f03){#i2164-2591-7-4-16-f03}

Superior RNFL (SRNFL) was found to be higher in control group (151 μ \[77--162\]) compared to the study groups (113 μ \[84--153\] in group 1 and 124 μ \[44--149\] in group 2) (*P* = 0.0001) ([Table](#i2164-2591-7-4-16-t01){ref-type="table"}; [Fig. 4](#i2164-2591-7-4-16-f04){ref-type="fig"}).

![The comparison of IRNFL and SRNFL levels according to the groups.](i2164-2591-7-4-16-f04){#i2164-2591-7-4-16-f04}

Inferior RNFL (IRNFL) was also higher in control group 144 μ (118--180) (133 μ \[66--161\] in group 1 and 133 μ \[86--167\] in group 2; *P* = 0.003) ([Table](#i2164-2591-7-4-16-t01){ref-type="table"}; [Fig. 4](#i2164-2591-7-4-16-f04){ref-type="fig"}). Nasal RNFL (NRNFL) was lower in the study groups (73 μ \[50--99\] in group 1 and 69 μ \[40--95\] in group 2) compared to the control group (96 μ \[55--104\]; *P* = 0.0001) ([Table](#i2164-2591-7-4-16-t01){ref-type="table"}; [Fig. 5](#i2164-2591-7-4-16-f05){ref-type="fig"}).

![The comparison of NRNFL and TRNFL and GC-IPL levels according to the groups.](i2164-2591-7-4-16-f05){#i2164-2591-7-4-16-f05}

Temporal RNFL (TRNFL) was also lower in the study groups (65 μ \[48--81\] in group 1 and 70 μ \[50--88\] in group 2) compared to the control group (98 μ \[55--118\]; *P* = 0.0001) ([Table](#i2164-2591-7-4-16-t01){ref-type="table"}; [Fig. 5](#i2164-2591-7-4-16-f05){ref-type="fig"}).

GC-IPL thickness was elevated in control group (92 μ \[81--98\]) compared to the study groups (86 μ \[54--97\] and 82 μ \[72--101\], respectively; *P* = 0.0001) ([Table](#i2164-2591-7-4-16-t01){ref-type="table"}; [Fig. 5](#i2164-2591-7-4-16-f05){ref-type="fig"}).

Discussion {#s6}
==========

In the present study, we have been found that RNFL and GC-IPL thicknesses decreased in females of both the groups, IDA group, and combined IDA-B12DA group as compared to those in the control group; however, there was no significant difference between IDA group and combined IDA-B12DA group in terms of both RNFL and GC-IPL thicknesses. Hence, it must be considered in females with IDA or with combined IDA-B12DA in terms of both glaucoma and other neuro-ophthalmological conditions.

Gonul et al.^[@i2164-2591-7-4-16-b14]^ conducted a study in patients with ischemic optic neuropathy and reported thinning in the superior and inferior regions of peripapillary RNFL. Studies conducted in patients with nonarteritic ischemic optic neuropathy have reported that superior peripapillary RNFL is more susceptible to ischemia and that thinning is more significant in that area.^[@i2164-2591-7-4-16-b15][@i2164-2591-7-4-16-b16]--[@i2164-2591-7-4-16-b17]^ Aksoy et al.^[@i2164-2591-7-4-16-b18]^ demonstrated thinning in the inferior RNFL in children with iron deficiency. In addition, thinning of the inferior nasal RNFL has also been demonstrated in females with iron deficiency.^[@i2164-2591-7-4-16-b19]^

Corneal tissue is avascular. The endothelium of the cornea is composed of a single layer of hexagonal cells located on the Descemet\'s membrane. Endothelial cells show variations throughout life in terms of topography and density, and honeycomb cell configuration, which is geometrically and thermodynamically most stable and has the lowest surface tension, with time.^[@i2164-2591-7-4-16-b20]^ CD shows a significant decrease until early adolescence, particularly in the first few years after birth. Earlier studies have found that in patients above 50 years of age, the mean endothelial cell count decreases while pleomorphism is significantly increased.^[@i2164-2591-7-4-16-b21]^ CD decreases from a mean value of 3000 to 4000 cell/mm^2^ to a mean value of 2600 cell/mm^2^ between the second and eighth decades of life. The percentage of hexagonal cells as well decreases from 75% to about 60%.^[@i2164-2591-7-4-16-b22]^ All the participants in the present study were younger than 50 years in age; hence, the effect of age on endothelial parameters has been minimized.

The ability of endothelial cells to undergo mitosis is either or is very low. When cell count decreases after a small trauma in a part of the endothelium or after natural cell death due to aging, the adjacent endothelial cells that do not have the ability to undergo mitosis, try to fill the space by altering their size and shape.^[@i2164-2591-7-4-16-b23]^ In greater injuries, other neighboring cells immigrate to this region and fill these cell deprived areas. Meanwhile, the hexagonal shape of the cells disappears and larger cells in different geometrical shapes or in strange shapes are seen. This appearance of cells in different sizes is termed as polymegathism, and the decreased ratio of hexagonal cells with an increased number of cells of various geometrical shapes is called pleomorphism. These two parameters should be evaluated together with CD to predict the healthy cell reserve because the mosaic formed by the uniform and homogeneous hexagonal cells is geometrically and thermodynamically the most stable form. Else, the endurance of endothelium against trauma would be decreased.^[@i2164-2591-7-4-16-b24]^

The CV is an objective measure of polymegathism, which indicates variation among cellular areas. Its normal value must be lower than 0.30 (30%). HEX is the ratio of hexagonal cells to the other cells having different geometric shapes. Ideally, the ratio must be 100%. However, for a healthy endothelial layer, the ratio must be within the range 60% to 70%. CD is the cell count per 1 mm^2^. Despite any significant difference between CD values of the groups in the present study, CV was found to be significantly high but HEX value was observed to be significantly low in the IDA and combined IDA-B12DA groups as compared to that in the control group; though, there was no statistically significant difference between the anemia groups.

Endothelial cell loss and injury hinder the functions of endothelial layer and increase corneal thickness. Thus, a measurement of corneal thickness indirectly reflects the corneal endothelial functions. However, edema decreases and corneal thickness returns back to normal within several months in healthy corneas, with the loss of endothelial cell not exceeding the physiological limits. In the corneas with moderate endothelial cell injury where healthy cells continue to provide corneal dehydration, a pachymeter does not reflect the functions of endothelial cell layer accurately.^[@i2164-2591-7-4-16-b24]^ In the present study, the corneal thickness was observed to be significantly lower in the combined IDA-B12DA group, but there was no significant difference between IDA group and the control group. Endothelial dysfunction due to a hypoxic condition in anemia cannot be explained by this; it has been deliberated by the authors that vitamin B12 deficiency might be a determinant and needs to be supported by larger studies in the future.

As cornea is a transparent tissue, it plays a critical role in vision. Extensive metabolic activity is required to maintain corneal transparency. Oxygen is an important parameter for this metabolic activity. There is a limited number of studies on this subject. One of the rare studies concluded that use of contact lenses may have an unfavorable influence on corneal physiology by creating a hypoxic environment.^[@i2164-2591-7-4-16-b25]^ Similarly, corneal endothelial involvement resulting from the hypoxic environment in the anemic subjects versus healthy subjects can be explained by alterations in CV and HEX values, even though quantitative alteration in CD was not significant.

In another study, the endotheliopathy determined in the subjects with pseudoexfoliation could be explained by certain alterations. Conditions like low-grade chronic inflammation, hypoxia, and oxidative stress, that induce cellular stress, play a role in the pathogenesis of pseudoexfoliation syndrome. Increased oxidative stress, decreased antioxidant production, and impaired oxidant-antioxidant balance have been reported in the aqueous humor.^[@i2164-2591-7-4-16-b26][@i2164-2591-7-4-16-b27][@i2164-2591-7-4-16-b28][@i2164-2591-7-4-16-b29]--[@i2164-2591-7-4-16-b30]^ This may explain that hypoxia and oxidative stress occurring in the aqueous humor, that touches corneal endothelium, is similar to that seen in pseudoexfoliation and consequently, causes an additional cellular stress in the patients with IDA or combined IDA-B12DA, leading to endothelial injury.

Conclusions {#s7}
===========

In the present study, CCT, HEX, and the thicknesses of all RNFL and GC-IPL were significantly lower in both the anemic groups as compared to the control group. This means that hypoxia may influence endothelial functions in the patients with IDA and combined IDA-B12DA. This condition must be considered during diagnosis and monitoring of ocular diseases. However, more detailed and comprehensive studies are required on this topic.
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